Heavy metal air pollution is an important environmental problem. One of the methods used to monitor pollution in air is
INTRODUCTION
Lichens are symbiotic organisms that occur in almost all terrestrial ecosystems and by virtue of their ability to tolerate long periods of drought may even colonise areas with extreme environmental conditions. Because of their high surface: volume ratio, the simple anatomy and absence of a cuticle, they accumulate heavy metals, concentrating them in thalli. Due to this ability, they may show an elemental composition which reflects, over the long term, the 10 dissolved gases, particulate matter and metal ions of the atmosphere, and can be considered important biomonitors of environmental pollution (Yıldız et al. 2011) . Air pollution has received attention due to the fact that it is detrimental for human health and the environment (Abdunnasır et al. 1994 , Karademir and Toker 1998 , Çayır et al. 2008 .
Lichens and mosses have been widely used for more than 20 years for assessing the atmospheric deposition of heavy metals and radionuclides in urban areas (Adamo et al. 2003) . Lichens occurring naturally in the area as well as those transplanted have been used as biomonitoring organisms in a large number of studies (Bargagli 1998 , Brown 1984 , Conti and Cecchetti 2001 , Henderson 1994 , Nimis 1996 , Richardson 1992 , Tyler 1990 , Yıldız et al. 2008 , Yıldız et al. 2011 .
In urban areas, where lichens are often scarce or even absent, the ''bags technique'' has been set up and developed in order to monitor air pollution (Goodman and Roberts 1971) . Bags consist of a mesh or grid, generally made of nylon, containing lichens. This technique has the following advantages: uniformity of entrapment surface and exposure period, flexibility both in site selection and in the number of stations that can be chosen, known original concentrations of contaminants in the biomonitors and greater collection efficiency for most elements. In addition, the bag techniques eliminate the possibility of contamination via root uptake and, in comparison with dust fall jars or bulk samplers, offer lower cost and higher efficiency (Adamo et al. 2003) . The duration of exposure is another critical aspect of biomonitoring by bags (Bargagli 1998) . Biomonitors may reach a saturation point for the uptake of an element and biomonitoring performance may also be altered by climatic and environmental conditions (Garty et al. 1993) . The comparability of results obtained with different cryptogamic organisms is another problem associated with biomonitoring studies (Schmid-Grob et al. 1992 ) as a consequence of differences in ecophysiology and mechanisms of metal bioaccumulation. In areas with widespread geochemical natural and anthropogenic sources of metals, epiphytic lichens seem more reliable biomonitors of atmospheric deposition of trace elements (Bargagli and Mikhailova 2002) .
It is known that the chlorophyll content of the lichen decrease with increasing pollution which is the physiological effect of pollution on lichens (Yıldız et al. 2011) . This may be due to the inhibition of "the novo synthesis" and (or) an increase in amino acid degradation (Godzik and Linskens 1974) . It has been shown that air pollutants ultimately reduce both photosynthetic and respiration rates in lichens (Pearson and Skye 1965 , Puckett et al. 1974 , Beekley and Hoffman 1981 .
The purpose of this study is to determine Pb, Cu, Cd, Mn, Ni and Zn concentrations and chlorophyll a and b contents in Pseudevernia furfuracea (L.) Zopf. For this purpose, lichens from an unpolluted area were transplanted to the selected locations in Çorum.
MATERIAL AND METHODS

Study Area
The study was performed in the urban area of Çorum. Çorum is located at Central Anatolia ( Figure 3 (Table 1 ). All the stations in Çorum are at the city centre and the pollution sources are urban motorway traffic, industrial and domestic heating. 
Biological Material
The thalli of P. furfuracea lichen samples were collected from a forest near Yapraklı Büyük Yayla Forest Çankırı. This region is far from the pollution sources and thought to be unpolluted as compared to the selected city centre stations. About 20 g of fresh material was packed loosely in a fine nylon net. Each lichen bag included several thalli. At each monitoring stations two of these bags was tied on a nylon rope and hanged on two different trees above 3 meters from the ground. All the lichen samples were exposed to air pollution for two periods of 3 months (totally 6 months) from 04 
Sample Preparation and Heavy Metal Determination
After the collection of the transplanted lichen samples, they were first washed with tap water and distilled water twice to remove any dirty substances. Specimens were dried in paper bags at 80°C for 24 hours to protect them against microbial decomposition and to provide reference values for dry weight. The dried lichen samples were ground into powder using mortar and pestle.
All the glass, plastic and porcelain equipment was put in water with detergent and left over night, washed with tap water and then put into a solution of 20% nitric acid and left overnight again. After these steps the glassware were washed with double-distilled water and dried at 60°C before use. For the preparation of all standards solutions of 65% w/w nitric acid and aqua regia 35% w/w HCl were used. All the steps of standard and solution preparations and also for dilutions, double distilled water was used. HNO3 was used for dissolving specimen parts, which is very common in such processes (Halıcı et al. 2005) . About 1g of the dried lichen sample was put into a porcelain crucible and burned at 460°C for 24 hours in an oven. Samples turned into ash and were put into a 100 mL beaker and then a 65% solution of 10 mL HNO3 added. Beakers were heated in a sand bath in order to evaporate the excess HNO3. Just before all the HNO3 evaporated, the beakers were taken from the sand bath and left to cool at room temperature. After evaporation, the remaining part was placed into centrifuge tubes and the volume adjusted to 15 mL with 1% HNO3. Samples were centrifuged at 3000 rpm (3000 rpm= 1157 g relative centrifuge acceleration) for 20 min. After centrifugation the supernatant was transferred into 25 mL volumetric flask and the volume was adjusted to 25 mL with 1% HNO3. Heavy metal contents were determined by using ICP (Varian Liberty ICP-OES Sequential) f (Halıcı et al. 2005) .
Chlorophyll Measurement
Chlorophyll was extracted from 20 mg of the airdried lichen material using pure DMSO (Dimethylsulphoxide (for synthesis) 99% purity, Merck 8.02912). Then 5 mL of DMSO was added to the thalli for extraction. Tubes with DMSO and lichen samples were incubated at 65°C for 40 min in the dark and then allowed to cool to room temperature. The extracts were filtered through a Whatman no 3 filter paper. The spectrophotometer (Varian Liberty ICP-OES Sequential) was calibrated at 750 nm with DMSO. Absorbance of the extracts was read at 665 and 648 nm. Calculations were done according to the following equations; Chlorophyll extractions were done according to method describe by Barnes et al. (1992) .
RESULTS AND DISCUSSION
The heavy metals, Cu, Cd, Ni, Pb, Mn and Zn and chlorophyll a and chlorophyll b contents of P. furfuracea specimens which were hanged at 8 stations in Çorum stations and 2 stations in Çankırı as a control were determined (Table 1 ). The specimens were collected two times in time intervals of 3 months. According to the analysis, there was an increase in heavy metal accumulation of the Cu, Ni, Zn, Mn and decrease in Chlorophyll a content of the specimens in two following periods (Table 2 ). It was known that the chlorophyll content of a plant decreases with increasing pollution. If the pollution rates increase, chlorophyll b degradation starts and rises up considerably. Any considerable change was observed in chlorophyll b content at different time intervals. In the view of heavy metal analysis, it can be said that P. furfuracea accumulated heavy metals and worked well as a bioindicator organism for biomonitoring. With respect to the maps, the pollution status of the city can be easily observed and compared. The changes in the first and second period can be examined from these maps (Figure 4, Figure 5 ). The examination of the Cu maps showed that there were differences between the first and the second periods in all 8 stations. Based on the Cu analysis results it can be said that there is a continuous high level of Cu around 8th station and the difference occurred at the other stations could be explained with the climatic circumstances. Station 8 was a house garden but it was so close to the main street. The reason of high Cu accumulation might be the main street traffic and crowd. 
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First period Second period
As figured on the maps, it can be said that the pollution level of Zn decreased in the second period, although at first period there were some high values observed.
For the heavy metal Mn, there were fluctuations throughout the sampling period. But it was obvious that stations 3, 4, 5,6,7,8 illustrated high Mn levels. These stations were close to the main roads and the pollution around these stations was mainly caused by heavy traffic and factories established. Also station 3 was closed to an industrial area. The area was the only cement factory in the city. At the second periods it has shown obvious pollution values for almost all heavy metal types.
The Pb accumulation did not show a considerable change in samplings. The Zn pollution which was also originated from vehicles (Markert 1993) were found higher around station 8, it was under the influence of heavy traffic. Heavy metal accumulation in plant tissues results in degradation of chlorophylls (Garty et al. 1985 , Ra et al. 2005 . At the maps of chlorophyll concentration, there was a decrease in the chlorophyll a and b contents of the samples. The ratio of chlorophyll b to a (Chlorophyll b/a) is the sign of decreasing rates in photosynthesis pathways. Because of the small changes in the values of chlorophyll b, the changes in chlorophyll b/a were dependent on chlorophyll a and the decrease in chlorophyll a results in increase in chlorophyll b/a. The highest increase in chlorophyll b/a was observed around the stations 3 and 6. It was expected that, high pollution results in decrease in chlorophyll a (Backor et al. 2003) . So the chlorophyll a/b content of the samples decreased and these changes can be observed from the maps. All changes in chlorophyll a and b contents and the ratios could be explained by the environmental stress like pollution but it is hard to say that the only reason of these changes were the pollution, also climatic conditions, seasons, strength of the light and the lichen itself effective on these changes. The chlorophyll a+b content of the samples shows similarities with the maps of chlorophyll a and chlorophyll b as expected. Chlorophyll a+b content of the tissues depended mostly on chlorophyll a content because of the great change in time. But the small decrease in chlorophyll b content was also effective. The results are also supported by the maps for chlorophyll b/a. Analysing all the maps overall it can be said that the lichen species, P. furfuracea, accumulated the heavy metals and it worked well as a biomonitor organism.
CONCLUSION
1. Atomic absorption method used in this study provides remarkable results on bioaccumulation caused by heavy metal pollution.
2. The results of ICP method also provide an early warning system with a higher sensitivity than the other techniques. The system is not only sensitive but also economic.
3. Lichens can be used as biomonitors of heavy metal pollution.
